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X-Ray Microcalorimeters:

Measuring energy by the thermalization of individual photons.

Integrated Product Development Team founded in 1998 in response to NRA:

Five groups selected for initial period of R&D funding:

Trace to Top-Level Mission

XMS Performance Requirement .
Requirements

0.6 — 10 keV TLRD

1500 at 6 keV TLRD

andpass

(E/AE)

New capability created by x—ray microcalorimeter

Energy resolution of gratings degrades
with increasing energy and they are not
well-suited for extended sources

X-ray CCDs are great for imaging but
have low spectral resolution

Angular resolution
ield of view

Number of pixels

nergy resolution

Derived Detector Requirements

eV at 6 keV; 2 eV at 1 keV

versample SXT PSF by a factor of 3
LRD

Derivation
Meets TLRD beam sampling requirement

ives E/AE = 1500 at 6 keV

Telsseope Module Microcalorimeter

Gives 2.7 arcmin FOV vs. 2.5 arcmin
requirement
Goddard, NIST and SAO - A comprehensive approach for developing microcalorimeters. Implanted Si, TES, and NTD Ge. :
FIowdown to meet effective area req.

FIowdown to meet effective area req.

<300 Msec pulse decay time
constant

AIIocation to meet absolute timing req.

Derived Instrument Requirements Derivation

147 kg Current engineering estimate
80/146 (min/max) For analog, digital, CADR control electronics
150/200 (BOL/EOL) Cryocooler electronics Spectr .
pectral Focus
7.2/640 kbps Average source r?te plus 840 b_ps_HIK data 6.5 7
Peak rate from bright sources limit Energy (keV)

Telescope Focus

ntrinsic quantum efficiency

illing Factor rating Array

[

Detector speed

Intensity

Supports bright source counting rate req.

Stanford University - Tungsten Transition-Edge Sensors for Constellation Soft X-Ray Detector with Ge absorbers  esolution

Lawrence Livermore National Lab - High resolution X-ray microcalorimeter detectors with multilayer absorbers and multilayer

v Power (watts)
transition-edge sensors

Data rate (avg/peak)

Neutron Transmutation-Doped (NTD) Ge Microcalorimeters

Constellation-X Microcalorimeter Technology

Each linear array module is
fitted with a miniature connector
attached to the bottom of the
sapphire substrate through
which the electrical signals are
fed .

Semiconductor Thermometer -

First x-ray
(Doped Ge or Si)

microcalorimeter in
space (1995.) Brief
suborbital flight
produced spectrum
of soft x-ray
background
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Four m x n arrays

Currently can
determine the
energy of a single
x-ray photon to a
part in 2000!

. 5870 5880 5890 5900 5910
Plug-in modules

Iy

Each module is inserted into a
mating connector mounted into
a quadrant base. A two- -
dimensional array can be built

up from a series of these

stacked linear arrays.
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0.35 mm x 0.35 mm x 7 um tin absorber + NTD 17 Ge thermistor
(E. Silver et al.)
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Temperature

lon-implanted Si

w/HgTe absorbers [
Pixel pitch = 640 um u'
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State of the art for ion-implanted Si

TEFEITIELE rungqnunuue;wgmann
‘ ' w/HgTe absorber:
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Suzaku (Astro-EZ): First orbm 3

. | . First Microcalorimeter in Orbit!
Microcalorimeter 2005

Operational Temperature: 0.060 K
Energy Resolution: 7 eV

408 um 3.2 eV @ 50 mK
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eV Modeling predicts 2.5 eV; appear to be limited by
thermal fluctuations of x-rays absorbed in frame

Position-Sensitive TES: two TESs connected to segmented absorber

s - s New Approach:

Magnetic Calorimeter

Integral, overhanging absorbers
(Bi) to achieve high filling factor

Superconducting
Transition Edge
Thermometer

Transition at
~100 mK
and only

about 1 mK
wide.
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Temperature

National Institute of Standards and Technology
Technology Administration, U.S. Department of Commerce

thermal bath Enss et al. 2003

Area [x1 0 ] 55Mn

Thermal diffusion gives rise to different pulse responses
and hence position; summing signals gives x-ray energy.
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Large consortium at work:
_ Brown University
__University of Heidelberg
__IPHT, Jena, Germany
_ PTB, Berlin, Germany A
_SAO P Gy £, ten)
_ Goddard
_ NIST

=
o
o

Counts / 0.5 eV
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8-channel TDM i
3.74 +0.12 eV (FWHM) | |
intrinsic res. = 3.2 eV [

16-channel TDM |
4.71 £0.16 eV (FWHM)
intrinsic res. = 4.15 eV
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8 Channel
MUX

16 Channel
MUX
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energy resolution 3.4 eV
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Counts / 0.75 eV bin
Counts / 0.75 eV bin

f=1
1=}

0
-20

o
]

TES x-ray microcalorimeter - “° t .
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Technology Readiness
Reference Design:

« 32 x 32 TES
microcalorimeter array

« MUX SQUID readout
e Continuous ADR

« Cryocoolers

Microcalorimeter Roadmap

Semiconductor thermistors
Superconducting tunnel junctions
Superconducting transition edge sensors
Magnetic calorimeters

Constellation-X Cooling Technologies
1000 pixel array

spectral resolving power E/OE

1990 1995

year

2000

Multiplexed
SQUID readout:
enables larger
arrays and low
power dissipation

ionization detectors

* These devices meet Con-X requirements for quantum efficiency

L] 2
1 1 0 T 2
0 0

EEAEEE RN AR EEE T

Stage 2 3 4

— = ADR Roadmap

3-stage  4-stage 4-stage 4-stage 50mK&1K
25-1 K :@: 9-6+K - :%&80%6" Element CADR CADR  CADR  CADR CADR Breadboard
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Heat switch

Detector

————
g — 05K ‘:@;.045—.275 NS

g
Superconducting "Salt pill"
magnet refrigerant

. . Heat
Cooling Temperature Cooling Tempe.ra_ture Rejection
Stage Power Stability
Temperature
Detectors,
1st stage
SQUIDs

Cryocooler development needed for next generation space-based observatories

eat rejection
temperature

with x-ray detectors,
Electroni

stage
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2nd stage
SQUIDs
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[0 detector package
[ microcalorimeter/CADR insert
B filters
e conductive bond
& thermal link
= fluid lines
heat switch
— superconducting cable
=] cryostat shells

main shell
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4-6 K/18 K two-stage cooling CryOCOOler Road map

e Remote coldheads (on deployable structures)

amplifier
(SQUIDs)

Anticoincidence Minimal generated noise (EMI and vibration)

detector

State-of-the-Art

ompressor power 120 W
e cold head |1Wat57K ulti-sta era esf v
rive | of ripple
o suppression
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Element ACTDP BB

Solution was the Advanced Cryocooler Technology Development Program
(ACTDP)

2™ stage
amplifier
(SQUIDs)

Microcalorimeter ACTDP requirements driven by three missions

Controller/Amplifier

Microcalorimeter Digital
Electronics

CADR Control
||’ g}

Cryocooler § o

3HK Control =i
80-90K Electronics
110 K (on-orbit)

En
loop heat R\—\

pipe

James Webb Space Telescope ectro
Terrestrial Planet Finder
Constellation-X

2-stage
(9/00-12/00)

3-stage CADR
(6/01-12/01)

4-stage CADR
(7/02-5/03)

4-stage CADR
(5/03-present)

Program designed to provide proven Develepment Model (DM) coolers in 2006

ACTDP

_ 42 g CPA salt pil,
0.1 T magnet, and
ferroma gnetic sl hield
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continuous cooling  Demonsirates functionallty el One year from instrument selection to TRL-6 | PartsProc.&Fab [ ||| e | || ]|
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blils .= P 1 [ Originally funded through TPF, then by TPF, but joint program
28V iy e r ok ." with Constellation-X and JWST

from s/c JWST now funding

plis MU/ti—Stage A DRS All three coolers at TRL-5 by March ‘06 downselect

science data

to radiator gk condenser command from
N and eng. data to

i {EET
Cryocooler s/c 1553 bus

Heat transfer at 50 mK = High cooling power

= High efficiency
= High heat rejection (4.2K)

Intesgrate with EM Microcalorimeter and ADR in cryostat => EM
XM

* Low mass




